Background: Population-based estimates of costs of illness and health-related quality of life, by disability levels among people with multiple sclerosis, are lacking. Objectives: To estimate the annual costs of illness and health-related quality of life, by disability levels, among multiple sclerosis patients, 21-64 years of age. Methods: Microdata from Swedish nationwide registers were linked to estimate the prevalence-based costs of illness in 2013, including direct costs (prescription drug use and specialised healthcare) and indirect costs (calculated using sick leave and disability pension), and health-related quality of life (estimated from the EQ-5D). Disability level was measured by the Expanded Disability Status Scale (EDSS). Results: Among 8906 multiple sclerosis patients, EDSS 0.0-3.5 and 7.0-9.5 were associated with mean indirect costs of SEK 117,609 and 461,357, respectively, whereas direct costs were similar between the categories (SEK 117,423 and 102,714, respectively). Prescription drug costs represented 40% of the costs of illness among multiple sclerosis patients with low EDSS, while among patients with high EDSS more than 80% were indirect costs. Among the 1684 individuals who had reported both EQ-5D and EDSS, the lowest health-related quality of life scores were found among those with a high EDSS. Conclusion: Among people with multiple sclerosis, we confirmed higher costs and lower health-related quality of life in higher disability levels, in particular high indirect costs.
Introduction
Due to the early onset and diagnosis, often at 20-40 years of age, 1 multiple sclerosis (MS) is the most common degenerative neurological disease in people of working age, 2 and its impact on paid work, sickness absence and disability pension is often large.
The total societal costs of illness (COI) for MS in Europe were estimated at EUR 14,500 million in 2010. 3 In addition to the direct costs (including healthcare, medication and rehabilitation measures), 4 almost one-third of the COI were indirect costs for productivity losses. 3 Intangible costs related to pain and suffering, impact on quality of life, etc., should also be considered, in addition to the direct and indirect costs. 5 However, important developments have occurred in the treatment of MS since the mid1990s 6 and onwards, 7 potentially changing both the costs and health outcomes among people with MS since previous estimates.
With worsening disability, the overall COI among MS patients increases. [8] [9] [10] Moreover, the distribution of costs have been observed to change over the disease trajectory, with the majority of costs being related to treatment at low disability levels towards a higher proportion of indirect costs and nonmedical direct costs at higher disability levels. 8, 11 Increasing disability has also been associated with decreasing health-related quality of life (HRQoL). 12 However, few of the previous studies of MS patients were population based; rather the literature is largely based on questionnaires sent to selected samples of patients from specific healthcare units or patient organisations, and sometimes with low response rates and numbers of participants. 8, 13 It has been suggested that people with mild MS are underrepresented in surveys, compared to population-based samples, 14 thus probably overestimating the mean cost per MS patient. However, patients with mild MS may also report disabilities, 15 in which case the total COI for MS could be underestimated from surveys if this patient group is unaccounted for, or its distribution is distorted. To validate survey results in relation to all MS patients in a population, population-based studies examining costs and HRQoL by disability levels among MS patients are warranted.
The aim of the study was to estimate the annual COI and HRQoL, by disability levels, among all people with MS of working age.
Materials and methods
The source population consisted of all individuals Disability in MS patients is typically measured by the Expanded Disability Status Scale (EDSS), 18 the most widely accepted and used disability scale for MS patients. 19 The EDSS assessments reported in 2013, or the most recent scores in the preceding years, were obtained from the SMSreg. 16 EDSS scores were registered for 8906 individuals (97%), of which 5065 individuals (55%) had scores registered during 2013, with 285 individuals also having a registered relapse this year.
Costs for the year 2013 were included, estimated with a societal perspective. Drug costs included both patient out-of-pocket costs and the reimbursement paid by counties, as identified in the Swedish Prescribed Drug Register, 20 administered by the National Board of Health and Welfare. In addition, the use of intravenous MS drugs that are not usually dispensed through pharmacies but through the specialised healthcare clinics (in 2013 this included natalizumab and rituximab, hereafter called 'indented drugs') were identified through the SMSreg (where most such treatments are registered) for patients on current use, i.e. patients who at 1 July 2013 had such treatment. The unit cost for each indented drug was based on the expected annual cost for each drug: SEK 203,000 for natalizumab and SEK 26,000 for rituximab. 21 The most recent registered indented drug was included. Based on the above definition for current use, we added the cost of natalizumab to the drug costs for 1217 patients and of rituximab for 549 patients.
Healthcare costs were calculated from diagnosisrelated group (DRG) codes in PAR, and were transformed to costs using DRG weights 22 and the national average cost per 1.0 DRG (SEK 50,229). 23 The inclusion of hospitalisation costs was based on the date of discharge, including a maximum duration of 365 hospital days per patient. Patient out-ofpocket costs for healthcare use are not registered, and were not included in the analysis. In 2013, patient out-of-pocket costs covered 1.2% of all costs to the county councils. 24 The national annual ceiling for healthcare out-of-pocket costs was SEK 1100 for healthcare use in a 12-month period. 25 Indirect costs were calculated from productivity losses based on the number of net days on sick leave or disability pension compensated by the Social Insurance Agency (from LISA). Sweden has a universal public sickness absence insurance system covering all individuals with income from work or unemployment benefits, if they due to disease or injury have temporarily or permanently reduced work capacity or permanent work incapacity. The indirect costs were calculated by the human capital approach, 4 using the age-adjusted mean wage and the social security contributions. The first 14 days of a sick leave spell, paid by the employer, were not included.
HRQoL measured by the EuroQol Group's fivedimension (i.e. mobility, self-care, usual activities, pain/discomfort and anxiety/depression) health state questionnaire with three levels of severity (i.e. no, moderate, or extreme problems), EQ-5D, was obtained from SMSreg. Each respondents' result was transformed using both the Swedish experiencebased value set 26, 27 and the UK general populationbased value set, 28 respectively, to estimates of the respondents' HRQoL. The EQ-5D responses were complemented with results from the EuroQol Group's visual analogue scale (EQ-VAS): from 'worst imaginable health state' (=0) to 'best imaginable health state' (=100). EQ-5D responses reported in 2013 were used, or the most recent response given in preceding years. Responses were available from 1955 (21%) of included individuals, of which 1732 (86%) of the responses were from 2013.
Analyses
Characteristics, mean COI (summarised and by cost components) and HRQoL were reported by disability-level categories (EDSS 3.5, 4-5.5, 6-6.5, and 7, respectively). The costs and HRQoL were analysed, by disability levels, using two-tailed t-tests or analysis of variance (ANOVA) (to account for unequal variances, ANOVA results were simulated with 5000 repetitions) and accounting for unequal variances. A P value below 0.05 was used for statistical significance. Due to skewness, all 95% confidence intervals (CIs) were calculated using bootstrap with 1000 repetitions. Costs were compared for patients identified in the SMSreg to those found in PAR. Accumulation of costs by components (types of costs), were described graphically by HRQoL and disability level. Furthermore, mean COI, direct and indirect costs were converted to Euros using the 2013 exchange rate (EUR 1 ¼ SEK 8.6494).
Analyses were conducted using Stata version 14.1.
Sensitivity analyses
Sensitivity analyses were conducted of the cost estimates to account for the time elapsed since reporting EDSS and HRQoL (including only those individuals with responses reported in 2013, all responses during the last 2 years and all individuals with responses during the last 5 years), as more recent estimates may be more representative for the current health state of each MS patient.
Results
Men, older patients and those with a lower educational level were more likely to be in the higher EDSS categories, compared to other MS patients in the SMSreg (Table 1 ).
The mean COI of MS patients was SEK 313,915 (95% CI SEK 309,066-318,765) in 2013 ( Table 2) . This corresponds to a mean COI of EUR 36,293, of which the estimated mean direct costs were EUR 13,242 and mean indirect costs were EUR 23,051. The mean COI corresponded to EUR 27,173 among patients with EDSS of 3.5 or less, EUR 47,431 among EDSS 4-5.5, EUR 56,235 among EDSS 6-6.5, and EUR 65,215 among EDSS of 7 and greater.
Among all individuals with at least one previous MS diagnosis in PAR, the mean COI was SEK 294,046 (SEK 290,033-298,060) ( Table 2) .
Prescription drug costs represented 40% of the COI among MS patients with EDSS of 3.5 or less. In the higher EDSS categories the COI increase was driven by higher indirect costs (representing 82% of the COI in patients with EDSS 7). The mean cost for inpatient care was more than four times higher among patients with EDSS of 7 or greater compared to EDSS of 3.5 or less. The highest mean indirect cost resulting from sick leave was estimated among those with EDSS 4-5.5.
Those with low EDSS had on average higher estimated HRQoL, while the lowest HRQoL estimates were found among those with EDSS of 7 or greater ( Table 3) . The largest accumulation of costs (23) 222 (25) 1266 (14) 2336 (15)** 60-64 years old 447 (7) 177 (19) 249 (26) 248 (28) 1128 (12) 2296 (15) occurred among patients with high HRQoL (steep slope in both Figures 1 and 2 , using the Swedish and UK value sets, respectively); however, this was mostly explained by the large proportion of patients with high HRQoL. The same was found when examining accumulated costs by EDSS (Figure 3) , but it appears that the accumulation of prescription drug costs was larger among those with EDSS in the lowest category (3.5), than the accumulation of the population (steeper slope for the drug costs). Similarly, the accumulation of productivity losses due to disability pension was largest in those with higher EDSS (6).
The sensitivity analysis accounting for time elapsed since reporting EDSS showed that the mean COI was very similar among those with EDSS responses during 2013 compared to that among all MS patients (Table 4) , but with a different distribution between direct and indirect costs. Moreover, patients with relapses had both higher mean direct costs and COI than other patients reporting EDSS during 2013.
Patients with HRQoL assessments had higher mean direct costs and lower mean indirect costs than other patients in the SMSreg, while the mean COI was similar regardless of years since reporting (Table 4) . Moreover, the sensitivity analysis found that among patients with HRQoL reported in 2013, there was a trend towards higher costs in 2013 if the EDSS was reported a few years earlier, rather than in 2013 ( Figure 4 ).
Discussion
In this population-based study of MS patients we observed higher mean COI and lower mean HRQoL among those with more severe disability, and the main driver of the observed higher COI was the larger productivity losses due to disability pension. Moreover, patients with less disability had higher costs for prescription drugs and those with intermediate disability levels had larger productivity losses from sick leave.
A major strength of this study is the representative and large study group. The availability of personal identification numbers enabled the use of registers containing administrative data with nationwide coverage to examine the external validity of our results. Although there were some statistically significant differences in the characteristics of the respective MS patients, identified in SMSreg and PAR, the absolute differences were small. This indicates that our study sample was overall representative, and that the generalisability of the findings was high. In addition, 97% of patients in the SMSreg had a registered EDSS score, thus providing the opportunity to explore disability in a representative sample of the MS population. The difference in costs between patients identified in SMSreg and PAR can to a large extent be explained by the availability of data on indented drugs, which cannot be solved by adding overall sales of the indented drugs to PAR data, because not all such drugs are prescribed only for MS (moreover, overall sales figures could not be analysed at the individual level).
However, there are limitations in what information is captured in these data sources. MS patients also have high non-medical costs (personal assistance, etc.), informal care and intangibles; 5 however, such information is not available in the Swedish registers. According to a recent study, personal assistance and other community services represented a large proportion of the COI among MS patients with high EDSS scores, in particular in Sweden. 29 Moreover, DRG-based healthcare costs do not reflect the actual resource use of the specific healthcare encounters, but are based on an expected resource burden estimated from a combination of information (diagnosis, type of encounter and some sociodemographic characteristics). 30 However, DRGs are commonly used for national scale costing of healthcare resource use. 23 Measuring indirect costs using the human capital approach has been criticised for overestimating the total cost of productivity losses. 31 However, it is also possible to use the method when friction periods are unknown, and it has been argued to be valid for measuring indirect costs. 32 There are some documented weaknesses in measuring disability by EDSS regarding reliability and sensitivity to change; nevertheless, EDSS is deemed suitable for monitoring disease progression. 19 Furthermore, the costs estimated in this study are not costs induced by MS disease only, but rather the COI among MS patients, and the results thus need to be interpreted with this in mind. Proportion of the population Cost−of−illness Prescription drugs Inpatient healthcare* Outpatient healthcare* Sick−leave Disability pension Figure 2 . Accumulation of costs by components (types of costs), described graphically among MS patients, sorted from high to low HRQoL (translated from EQ-5D using the UK general population-based value set). HRQoL: health-related quality of life; EQ-5D: EuroQol Group's five-dimension health state questionnaire with three levels of severity; MS: multiple sclerosis. Figure 1 . Accumulation of costs by components (types of costs), described graphically among MS patients, sorted from high to low HRQoL (translated from EQ-5D using the Swedish experience-based value set). HRQoL: healthrelated quality of life; EQ-5D: EuroQol Group's fivedimension health state questionnaire with three levels of severity; MS: multiple sclerosis.
The SMSreg has high and improving coverage. 16 We found a lower registration rate among working-age adults in the SMSreg (60%) compared to the estimated rate for the whole MS population (>80%). 16 This may be the result of having used data from one year earlier than in the previous study. 16 However, it appears, from the comparison with individuals identified through PAR, as if our study population was representative for all individuals with any previous MS diagnosis, with regard to patient characteristics, healthcare resource use and productivity losses. It has, moreover, been suggested that not all individuals with an ICD code indicating MS in PAR are in fact diagnosed with MS (due to miscoding of, for example, examinations of suspected MS cases that are later found to have another diagnosis); thus the population identified from the SMSreg will probably represent a larger proportion of all working-age MS patients.
Our results from the sensitivity analysis, that COI were higher if EDSS was reported during 2013, indicate that EDSS assessments are reported to a slightly higher degree when patients are worse in their disease, or possibly among those who currently have a more expensive treatment (higher direct costs) and during relapses. In contrast, EQ-5D was not always reported at the same time as EDSS. It can be speculated that MS patients were more likely to report EDSS during worsening of the disease, while EQ-5D appears to have been used very infrequently before 2013. It is known that some variables in the SMSreg have primarily been used for patients initiating some of the newer treatments, e.g. as part of the IMSE study, 16 thus potentially biasing the analysis of HRQoL towards pertaining to newly diagnosed MS patients.
Our results are in line with previous finding that drug costs were the main cost driver among those with low EDSS and productivity losses among those with high EDSS. 8 Moreover, an approximate proportionality (1:2:3) was previously found of the COI between EDSS categories, with EDSS roughly categorised as less than 3, 4-6, over 6.
8 Similar proportionalities in costs have also been reported in previous reviews of the literature. 9, 10 Nevertheless, this approximate proportionality was not seen in our study, in which costs were more similar (1.7-2.4 times higher than costs in the lowest category). This may be the result of our register-based method excluding the costs associated with informal care and non-medical costs. It is also possible that our age criteria excluding MS patients over 64 years of age resulted in the higher EDSS category in particular being biased towards healthier groups of patients and thus reducing the mean cost. However, that is contradicted by the high average COI in our study among patients in the highest EDSS category, compared to the results by Kobelt and colleagues. 29 Moreover, we found the mean direct cost per patient was very similar across the EDSS categories. This is in contrast to results by, for example, Tyas et al., 33 which showed increasing medical costs for each increase in EDSS except for the very lowest levels. This highlights the importance and need for comparable data and categorisation between studies, and comprehensive reporting of cost components.
Compared to previous studies, we also found a lower mean EDSS and higher HRQoL. 5 This can be explained by our population-based sample (and by the set age limits), as most previous studies have recruited patients from specific clinics or patient organisations, and consequently have often resulted in underestimating patients with milder disease. 8, 14 Moreover, the finding of lower HRQoL among patients with higher EDSS is in line with previous research. 14, 34 Comparing our results further with those in the recent publication by Kobelt and colleagues 29 can improve how we quantify the economic impact of MS in society. Their study was based on questionnaire responses from MS patients in 16 European countries, including 1864 patients from Sweden, 29 (representing 10% of all MS patients in Sweden). 16, 35 In the lowest EDSS category, they identified a mean COI of approximately EUR purchasing power parities (PPPs) 20,000 in 2015, 29 which is slightly lower than our estimated EUR 27,000 in 2013 values. (PPPs is a way of translating costs between currencies by purchasing power (available from the Organisation for Economic Cooperation and Development, OECD) instead of the exchange rate.) In the highest EDSS category, however, they found a mean COI of EUR PPPs 75,000. 29 That figure included approximately EUR PPPs 50,000 for community services and informal care; 29 resource uses unavailable in registers. The remaining EUR PPPs 25,000 29 should, thus, be compared to our estimated EUR 57,600, potentially indicating a healthy responder effect within each EDSS category in the Kobelt study, which is also strengthened by their reported HRQoL estimates within each EDSS category. 36 In addition, the study by Kobelt 0 100000 200000 300000 400000 500000 Average costs (SEK) EQ−5D t0 EQ−5D t−1 EQ5D t−2 t0 t−1 t−2 t0 t−1 t−2 t0 t−1 t−2
Total cost Direct cost Indirect cost Figure 4 . Total, direct and indirect costs, respectively, by time since last reporting of EDSS and EQ-5D during the last 2 years (excluding one person with relapse during EQ-5D response). EDSS: Expanded Disability Status Scale; EQ-5D: EuroQol Group's five-dimension health state questionnaire with three levels of severity; MS: multiple sclerosis.
and colleagues calculates costs based on resource use reported by participants to be caused by their MS, 37 which differs from the all-cause costs reported here. Diagnosis-specific costs can seldom be derived from register data, but we have previously reported that MS was the main condition for resource use corresponding to approximately 50% of all direct and indirect costs of MS patients. 38 In particular, in that study, MS as a main condition was associated with indirect costs, the cost category that is driving costs among those with worse disability, and which is also the cost that causes the large difference in results between our study and the study by Kobelt and colleagues. 36 
Conclusion
We confirmed higher costs and lower HRQoL among people with MS who have higher levels of disability. This was particularly so for indirect costs, although the effect was less pronounced than in previous studies when examining differences between categories of EDSS already equating to high disability.
